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JP 11-214356 

Title: DRY ETCHING METHOD OF SILICON SUBSTRATE 

OBJECT: To form a trench in a silicon substrate by dry etching with good 
reproducibility by significantly reducing the amount of reaction product deposited 
within an etching chamber. Also, to etch different substrates with the constant 
and stable conditions by significantly reducing the frequency of dry cleaning of the 
etching chamber. 

SOLUTION: A dry etching is conducted to form a trench 6 in a silicon substrate 1 
by using a sihcon nitride film 3 formed over the silicon substrate 1 via a thermal 
oxide film (silicon oxide film) 2 as an etching mask. In Embodiment 1 shown in 
Fig. 1, the natural oxide film 5 formed on a surface of the sihcon substrate 1 is 
removed by a dry etching using a fluorine-based etching gas. Then, the trench 6 
is formed in the silicon substrate 1 in the same etching chamber using a silicon 
etching gas containing chlorine gas. In Embodiment 2 shown in Fig. 2, the 
silicon nitride film 3 and the silicon oxide film 2 are etched using a fluorine-based 
etching gas. Then, the trench 6 is formed in the silicon substrate 1 in the same 
etching chamber using a sihcon etching gas containing chlorine gas. In both of 
the Embodiments, continuously conducting plasma treatments using 
fluorine-base gas and chlorine- or bromine-base gas within the same etching 
chamber minimizes the amount of reaction product within the etching chamber. 

(a) 



1 




Fig. 1 



Fig. 2 
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JPO and NCIPI are not responsible for any 
daniages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3:In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] , . 
[0001] 

[Field of the Invention] This invention relates to the dry etching approach for forming the trench for 

isolation in the silicon substrate for semiconductor devices especially. 

[0002] 

[Description of the Prior Art] With high integration of semiconductor devices, such as VLSI in 
recent years and ULSI, it replaces with the conventional LOCOS as the insulating approach between 
semiconductor devices (the isolation approach), and the shallow trench isolation (referred to as STI 
after Shallow Trench Isolation ) is in the limelight. Here, it dares be figuratively expressed for the 
aspect ratio (ratio of the depth and an opening dimension) which makes the capacitor which 
constitutes a semiconductor device all over the hole formed in the silicon substrate or a slot 
distinguishing from 5.0 or more deep trenches that it is shallow (shallow). 

[0003] With the stmcture which prepares opening in a silicon substrate and oxidizes Si crystal at an 
elevated temperature, it is not avoid by the background which STI tends to take and replace with 
LOCOS which is the separation approach between the components generally use so far that a BAZU 
peak is form in the mask lower part, but there are data that much constraint on a design and a 
fabrication is in it, for high integration of the component by detailed-izing of a design rule. 
[0004] Thus, although it is STI with Uttle constraint on structure compared with LOCOS structure, 
the manufacture process of the reason which was not put in practical use imtil now is complicated, it 
is low, and originates in sufficient predominance not having been acquired to the component of 
LOCOS structure as a result. [ of the completeness of each process (formation of a slot, embedding 
of the good insulator layer of an insulating property, flattening on a substrate) ] 
[0005] By the way, when forming the trench for isolation in a silicon substrate, as shown in drav^ing 
3 , after forming the thermal oxidation fihn 32 on a silicon substrate 31 (this drawing (a)) (this 
drawing (b)) and applying a photoresist on it fiirther, patterning is carried out and the photoresist 
etching mask 33 is formed (this drawing (c)). And the photoresist etching mask 33 is used, dry 
etching is carried out in the plasma until a silicon substrate 31 exposes the thermal oxidation film 32 
using fluorine system etching gas (for example, CHF3), and thereby, patteming of the thermal 
oxidation film 32 is carried out to the etching mask for trench formation (this drawing (d)). Next, the 
silicon substrate 31 which has the etching mask which consists of thermal oxidation film 32 is 
supplied to an ashing device, and ashing removes the photoresist etching mask 33. The natural 
oxidation film 34 is formed in the front face of the silicon substrate 3 1 which should form a trench at 
this time (this drawing (e)). 

[0006] Next, the silicon substrate 31 which has the natural oxidation film 34 is conveyed to an 
etching chamber, and etching clearance of the natural oxidation film 34 is carried out in the plasma 
using fluorine system etching gas (this drawing (f)). In this etching chamber, the same etching 
actuation (namely, etching clearance actuation of the natural oxidation film 34) is continuously 
performed to the new silicon substrate 3 1 one after another, without replacing etching gas with. 
[0007] Next, the sihcon substrate 31 from which the natural oxidation film 34 was removed is 
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iveyed to another etching chamber, and the trench 35 is formed in a sihcon substrate 31 by 
trying out dry etching in the plasma using bromine system gas (mixed etching gas of a bromine 
5nd oxygen) (refer to JP,64-8626,A). (this drawing (g)) 
[0008] 

[Problem(s) to be Solved by the Invention] However, when forming a trench 35 in a silicon substrate 
31 by dry etching like drawing 3 , there is a problem that reservation of repeatability is inadequate 
and etching conditions and an etching condition will change a lot for every dry etching processing of 
another silicon substrate. This has been the serious failure of fertilizing the silicon substrate which 
has SXr structure so that it may explain below. 

[0009] That is, since the area set as the object of dry etching on the property of isolation is very large 
when forming a trench in a silicon substrate for the object of isolation, the amoimt of the resultant 
(for example, carbon system polymer produced when dry etching of the natural oxidation film of the 
silicon substrate surface which should form a trench etc. is carried out using fluorine system etching 
gas, such as fluorocarbon) produced in the case of dry etching increases remarkably as compared 
with other etching actuation. Although most is exhausted by the exhauster with which such a 
resultant controls the process pressure of an etching chamber (processing room), a part carries out 
adhesion deposition at a processing indoor wall. In the volimie-production facility which mass- 
produces a semiconductor device, since the substrate of many number of sheets must be processed 
continuously in the same processing interior of a room, the amount of the resultant to deposit will 
also become huge. Moreover, when consecutive processing of the substrate is carried out in this way, 
it will be re-decomposed by the plasma and the amount of resultants deposited on the large quantity 
at the processing indoor wall will be removed from a processing indoor wall. The resultant removed 
from flie processing indoor wall will be again deposited also on the substrate which a part is 
processing through the plasma, and with the increment in the number of processing and the 
processing time of a substrate, an etch rate is checked by re-decomposition and the redeposition of a 
resultant, and falls. It becomes what has the repeatability of etching inadequate as a result, and the 
fertilization of a sihcon substrate which has STI structure will become difficult. 
[0010] Before investigating beforehand the allowance lower limit of an etch rate which falls by 
consecutive processing to such a problem and reaching an allowance lower limit, establishing the 
dry-cleaning process which removes the resultant deposited on the processing indoor wall by the 
plasma is also performed, but between this dry-cleaning process, since etching processing of a 
silicon substrate cannot be performed, lowering of productivity is not avoided. And since a resultant 
is generated so much, it is necessary to perform dry cleaning frequently, and as mentioned above, 
when forming a trench in a silicon substrate, as compared with other dry etching processes, etching 
area is remarkably large, therefore buildup of dry etching processing cost is not avoided. 
[001 1] Moreover, as gas for dry cleaning in the equipment which etches a silicon system ingredient 
layer, using fluorine system gas, such as SF6, CHF3, and CF4, is abeady established. Such fluorine 
system gas is the most effective for the object which removes the resultant which adhered to the 
processing indoor wall which cannot impress bias since it was decomposed in the plasma and the 
fluorine radical with a comparatively long life was generated as a fluoride (vapor pressure is high 
compared with a chloride) of silicon. However, the dry-cleaning effectiveness prolonged by the gas 
of a fluorine system can be heightened, and also although the fluorine generated from fluorine 
system gas in one side remains to the processing interior of a room and it is called the inside of a 
vacuum, removing only with exhaust air simply is impossible. In case a residual fluorine processes 
the structure of having very thin gate oxide on a substrate, like the gate of a transistor, it reduces the 
selectivity over an oxide film remarkably. Therefore, by the usual dry cleaning, since the process 
which permutes a residual fluorine thoroughly by causing the plasma by the clearance process of the 
resultant by fluorine system gas and the gas which actually etches a silicon system ingredient layer in 
the long duration processing interior of a room is needed, buildup of dry etching processing cost is 
not avoided from this point, either. 

[0012] In case it is going to solve the technical problem of the above conventional technique and a 
trench is formed in a silicon substrate by dry etching, during dry etching, with good repeatabihty, 
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this invention reduces greatly the amount of the resultant deposited in an etching chamber, decreases 
[ can be made to carry out dry etching and ] the count of dry cleaning of an etching chamber greatly 
collectively, and it aims at enable it to etch a different silicon substrate on the uniform and stajbilized 
conditions. 
[0013] 

[Means for Solving the Problem] this invention persons came to complete a header and this 
invention for the ability of the above-mentioned object to be attained by performing continuously 
plasma treatment **** by the plasma treatment by the fluorine system gas generally respectively 
carried out by another etching system until now, and chlorine-based and bromine system gas at the 
same processing room. 

[0014] Namely, the 1st mode of this invention uses as an etching mask the silicon nitride prepared on 
the silicon substrate through silicon oxide. In the dry etching approach which forms trenches (for 
example, the slot for isolation, the slot for capacitors, etc.) in a sihcon substrate It removes by 
carrying out dry etching of the natural oxidation film produced in the silicon substrate surface which 
should form a trench in the plasma using fluorine system etching gas. Then, the silicon etching gas 
which replaces with fluorine system etching gas within the same etching chamber, and contains 
chlorine-based gas or bromine system gas is used. The dry etching approach characterized by 
forming a trench in a silicon substrate is offered by carrying out dry etching continuously in the 
plasma. 

[0015] Moreover, the 2nd mode of this invention uses as an etching mask the silicon nitride prepared 
on the silicon substrate through silicon oxide. In the dry etching approach which forms trenches (for 
example, the slot for isolation, the slot for capacitors, etc.) in a silicon substrate By carrying out dry 
etching of the silicon oxide and the silicon nitride on a silicon substrate in the plasma using fluorine 
system etching gas Patterning is carried but to the etching mask for forming a trench, and a silicon 
substrate is followed. Within the same etching chamber The dry etching approach characterized by 
forming a trench in a silicon substrate is offered by carrying out dry etching continuously in the 
plasma using the silicon etching gas which replaces with fluorine system etching gas and contains, 
chlorine-based gas or bromine system gas. 

[0016] According to this invention, since silicon oxide, a silicon nitride, or the natural oxidation film 
on a silicon substrate is etched in the plasma using fluorine system etching gas, such as fluorocarbon, 
etching clearance also of the compound which is mainly concemed with the silicon deposited on the 
processing indoor wall is carried out simultaneously. In addition, since it replaces with fluorine 
system etching gas in the same processing interior of a room and a silicon substrate is etched using 
chlorine-based etching gas or bromine system etching gas in order to form a trench in a silicon 
substrate succeeding this etching, a silicon substrate can be etched, without being influenced of re- 
decomposition and the redeposition of the resultant containing a carbon system polymer. For this 
reason, the amount of the resultant deposited in an etching chamber can be reduced greatly, in case a 
trench is formed in a silicon substrate by dry etching, during dry etching, with good repeatability, dry 
etching can be carried out and it can combine, and the count of dry cleaning of an etching chamber 
can also be decreased greatly, and a different silicon substrate can be etched on the uniform and 
stabilized conditions. 

[0017] In the 1st and 2nd mode of the above this invention, the fluorine system etching gas 
containing fluorocarbon gas is desirable as fluorine system etching gas. 

[0018] Moreover, as chlorine-based gas, the mixed gas of chlorine gas and oxygen gas can be 
preferably mentioned among silicon etching gas. Moreover, as bromine system gas, the mixed gas of 
hydrogen bromide gas and oxygen gas can be mentioned preferably. 

[0019] In addition, in the 1st mode of this invention, the natural oxidation film of the silicon 
substrate surface which should form a trench produces it, in case ashing or a solvent removes the 
photoresist used when forming the etching mask which consists of silicon oxide and a silicon nitride 
on a silicon substrate. 
[0020] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
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[0021] First, the dry etching approach of the 1st mode of this invention is explained, referring to 
drawing 1 . 

[0022] In addition, in drawing 1 , drawing 1 (f) - (h) shows the dry etching approach of the 1st mode 
of this invention directly, and drawing 1 (a) - (e) shows the preceding paragraph story of drawing 1 

(f)- .... 

[0023] First, when forming the trench for the object for isolation, or capacitors m a silicon substrate, 

according to a conventional method, the thermal oxidation film (silicon oxide) 2 is formed on a 

silicon substrate 1 (this drawing (a)) (this drawing (b)). 

[0024] Next, the sihcon nitride 3 is formed with a CVD method on it (this drawing (c)), after 
applying a photoresist further according to well-known technique on it, patterning is carried out and 
the photoresist etching mask 4 is formed (this drawing (d)). 

[0025] Next,, the photoresist etching mask 4 is used, and dry etching is carried out in the plasma xmtil 
a silicon substrate 1 exposes the silicon nitride 3 and the thermal oxidation film 2 using fluorine 
system etching gas (for example, CHF3+Ar), Thereby, patterning of the silicon nitride 3 can be 
carried out to the etching mask for trench formation (this drawing (e)). 

[0026] Next, the silicon substrate 1 which has the etching mask which consists of a sihcon nitride 3 
is supplied to an ashing device, and ashing removes the photoresist etching mask 4. The natural 
oxidation film 5 is formed in the front face of the silicon substrate 1 which should form a trench at 
this time (this drawing (f)). Moreover, the photoresist etching mask 4 may be removed by processing 
not with ashing but with a solvent. 

[0027] Next, the silicon substrate 1 which has the natural oxidation film 5 is conveyed to an etching 
chamber, and etching clearance of the natural oxidation film 5 is carried out in the plasma using 
fluorine system etching gas (this drawing (g)). 

[0028] Next, dry etching is carried out in the plasma using the sihcon etching gas which contains 
chlorine-based gas or bromine system gas within the same etching chamber, without conveying the 
silicon substrate 1 from which the natural oxidation film 5 was removed to another etching chamber. 
Thereby, a trench 6 can be formed in a silicon substrate 1 as shown in this drawing (h). 
[0029] In addition, in the process shown in drawing 1 (g) and (h), in order to control **** to the 
etching chamber wall of a resultant, it is desirable to make temperature of an etching chamber wall 
higher than the temperature of the stage for laying the silicon substrate of an etching system. 
Preferably, stage temperature is made into 10-30 degrees C, and etching chamber wall temperature is 
made into 60-80 degrees C. 

[0030] As mentioned above, as explained, the amount of the resultant deposited in an etching 
chamber during dry etching by processing a silicon substrate is reduced greatly, and dry etching can 
be carried out with good repeatability. Therefore, the count of dry cleaning of an etching chamber 
can be decreased greatly. And a different silicon substrate can be etched on the uniform and 
stabilized conditions, therefore the silicon substrate which has the trench of the xmiform and 
stabilized etching condition can be fertilized. 

[0031] Next, the dry etching approach of the 2nd mode of this invention is explained, referring to 

drawing 2 . 

[0032] In addition, in drawing 2 , drawing 2 (d) - (e) shows the dry etching approach of the 2nd 
mode of this invention directly, and dravdng 2 (a) - (c) shows the preceding paragraph story of 
drawing 2 (d). 

[0033] First, when forming the trench for the object for isolation, or capacitors in a silicon substrate, 
according to a conventional method, the thermal oxidation film (silicon oxide) 2 is formed on a 
silicon substrate 1 (this drawing (a)) (this drawing (b)). 

[0034] Next, the sihcon nitride 3 is formed with a CVD method on it (this drawing (c)), after 
applying a photoresist further according to well-known technique on it, patterning is carried out and 
the photoresist etching mask 4 is formed (this drawing (d)). 

[0035] Next, the photoresist etching mask 4 is used, and dry etching is carried out in the plasma until 
a silicon substrate 1 exposes the silicon nitride 3 and the thermal oxidation film 2 using fluorine 
system etching gas (for example, CHF3+Ar). Thereby, patterning of the silicon nitride 3 can be 
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carried out to the etching mask for trench formation. Furthermore, dry etching is carried out in the 
plasma using the silicon etching gas which replaces with fluorine system etching gas and contains 
chlorine-based gas or bromine system gas within the same etching chamber, without conveying the 
silicon substrate 1 etched in this way to another etching chamber. Thereby, the trench 6 as shown in. 
this drawing (e) can be formed in a silicon substrate 1 . 

[0036] As mentioned above, as explained, the amount of the resultant deposited in an etching 
chamber during dry etching by processing a silicon substrate is reduced greatly, and dry etching can 
be carried out with good repeatability. Therefore, the count of dry cleaning of an etching chamber 
can be decreased greatly. And a different silicon substrate can be etched on the uniform and 
stabilized conditions, therefore the silicon substrate which has the trench of the imiform and 
stabilized etching condition can be fertilized. 
[0037] 

[Example] Hereafter, an example explains this invention concretely. 

[0038] Example 1 this example is an example performed as the dry etching at the time of carrying 
out trench formation of the clearance of the natural oxidation film to a silicon substriate using CHF3 
gas was shown in drawing 1 using C12/02 in the etching system which generates the inductive- 
coupling mold plasma, 

[0039] First, it formed 5nm of thermal oxidation fihn on the silicon substrate, and the silicon nitride 
was continuously formed by 200nm thickness with the CVD method. Then, the photoresist etching 
mask was formed by exposing and developing negatives by the KrF excimer laser stepper after 
applying a photoresist. - . 

[0040] Next, the silicon nitride used as the mask of a trench was etched on condition that the 
following in the oxide film etching system. Under the present circumstances, over etching was 
carried out so that the thermal oxidation film under a silicon nitride might also be etched 
simultaneously. The plasma source used the equipment of the ** gap of a parallelplate mold. 
[0041] (Etching conditions of a silicon nitride / oxide film) 
CHF3= 1 00ml/minAr=900ml/minRF Po wer= 1 000 W( 13.5 6MHz) 

Processing pressure force =130Pa stage control temperature =20 degree-C inter-electrode distance 
=10mm etching time = 35 seconds [0042] Next, ashing of the photoresist etching mask was carried 
out using the ashing device of a microwave downstream mold. 

[0043] On a silicon substrate, the thin natural oxidation film grows after the above-mentioned 
process. Therefore, at the process which forms a trench, etching of natural oxidation film clearance 
and a substrate was continuously performed to the continuing substrate within the same equipment. 
The polish recon etching system which has a source of the inductive-coupling mold plasma was used 
for tihe plasma source. 
[0044] (Etching conditions of a trench) 

RF of the natural oxidation film clearance step CHF3=50 ml/min plasma source Power=1500W 
(12.56MHz) 

Processing pressure force = RE impressed to 7Pa substrate Power=200W (13.56MHz) 
Control temperature =70 degree-C etching time of a stage control temperature =20 degree-C 
processing indoor wall = RF of the processing step C12=130 ml/min02=8 ml/min plasma source of a 
10-second trench Power=1500W (12.56MHz) 

Processing pressure force = RF impressed to 5.3Pa substrate Power=275W (13.56MHz) 
Control temperature of a stage control temperature =20 degree-C processing indoor wall = 70 
degrees C [0045] When the above-mentioned actuation was continuously performed to the silicon 
substrate of a total of 25 sheets, it changed almost uniformly and, as for the etch rate of a silicon 
substrate, the alimentation of the resultant to a processing indoor wall checked that it was a minute 
amount. 

[0046] When the natural oxidation film clearance step and the processing step of a trench were 
carried out by the separate etching chamber for reference, sharp lowering of the etch rate in the 
processing step of the trench of a silicon substrate was seen by about 12-15 continuation silicon 
substrate processings. 
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[0047] Therefore, according to this example, it turns out that the dry-cleaning frequency of an 
etching chamber can be reduced substantially. 

[0048] Example 2 this example is an example which performed dry etching of the trench to a silicon 

nitride and a silicon substrate as the etching system which generates the inductive-coupling mold 

plasma was continuously shown in drawing 2 within the same etching chamber. 

[0049] First, it formed 5nm of thermal oxidation film on the silicon substrate, and the silicon nitride 

was formed by 200nm thickness with the CVD method. Then, the photoresist was exposed and 

developed by the KrF excimer laser stepper after spreading, and the photoresist etching mask was 

formed. 

[0050] Next, etching of the trench to a silicon nitride and a silicon substrate was continuously 
performed within the same etching chamber. The etching system used for the plasma source the 
polish recon etching system which has a source of the inductive-coupling mold plasma. 
[0051] (Etching conditions of a trench) 

RF of the sihcon nitride etching step CF4=60 ml/min plasma source Power=1000W (12.56MHz) 

Processing pressure force == RF impressed to 2Pa substrate Power=250W (13.56MHz) 

Control temperature of a stage control temperature =20 degree-C processing indoor wall = RF of the 

processing step C12=130 ml/min02=8 ml/min plasma source of 70-degree-C trench Power=1500W 

(12.56MHz) • 

Processing pressure force = RF impressed to 5.3Pa substrate Power=275W (13.56MHz) 

Control temperature of a stage control temperature =20 degree-C processing indoor wall = 70 

degrees C [0052] When the above-mentioned actuation was continuously performed to the silicon 

substrate of a total of 25 sheets, it changed almost uniformly and, as for the etch rate of a sihcon 

substrate, the alimentation of the resultant to a processing indoor wall checked that it was a minute 

amount. 

[0053] When the silicon nitride etching step and the processing step of a trench were carried out by 
the separate etching chamber for reference, sharp lowering of the etch rate in the processing step of 
the trench of a silicon substrate was seen by about 12-15 continuation silicon substrate processings. 
[0054] Therefore, according to this example, it turns out that the dry-cleaning frequency of an 
etching chamber can be reduced substantially. 
[0055] 

[Effect of the Invention] According to the dry etching approach of this invention, since deposition of 
the resultant into an etching chamber can be controlled to the minimum, generating of particle, such 
as a carbon system polymer, can be reduced substantially, and dry-cleaning frequency can also be 
decreased. Moreover, tiie frequency which carries out atmospheric-air disconnection and carries out 
wet screening of the etching chamber can be reduced, therefore the manufacture productivity of a 
silicon substrate can be raised. And in case a different semi-conductor substrate is processed 
continuously, the effect of the resultant deposited on the etching chamber wall can be controlled, and 
imiform processing can be performed. 
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lJPO and NCI PI are not responsible for any 
cLai|iages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] ... 

[Claim 1] In the dry etching approach which forms a trench in a silicon substrate by using as an 
etching mask the silicon nitride prepared on the silicon substrate through silicon oxide It removes by 
carrying out dry etching of the natural oxidation film produced in the silicon substrate surface which 
should form a trench in the plasma using fluorine system etching gas. Then, the silicon etching gas 
which replaces with fluorine system etching gas within the same etching chamber, and contains 
chlorine-based gas or bromine system gas is used. The dry etching approach characterized by 
forming a trench in a silicon substrate by carrying out dry etching continuously in the plasma. 
[Claim 2] The dry etching approach according to claim 1 that fluorine system etching gas contains 
fluorocarbon gas. 

[Claim 3] The dry etching approach according to claim 1 or 2 that silicon etching gas is the mixed 
gas of chlorine gas and oxygen gas, or the mixed gas of hydrogen bromide gas and oxygen gas. 
[Claim 4] The dry etching approach according to claim 1 to 3 which produces it in case ashing or a 
solvent removes the photoresist used when the natural oxidation film of the silicon substrate surface 
which should form a trench formed the etching mask for trench formation which consists of a silicon 
nitride on a silicon substrate. 

[Claim 5] In the dry etching approach which forms a trench in a silicon substrate by using as an 
etching mask the silicon nitride prepared on the silicon substrate through silicon oxide By carrying 
out dry etching of the silicon oxide and the silicon nitride on a silicon substrate in the pleisma using 
fluorine system etching gas Patterning is carried out to the etching mask for forming a trench, and a 
silicon substrate is followed. Within the same etching chamber The dry etching approach 
characterized by forming a trench in a silicon substrate by carrying out dry etching continuously in 
the plasma using the silicon etching gas which replaces with fluorine system etching gas and 
contains chlorine-based gas or bromine system gas. 

[Claim 6] The dry etching approach according to claim 5 that fluorine system etching gas contains 
fluorocarbon gas. 

[Claim 7] The dry etching approach according to claim 5 or 6 that silicon etching gas is the mixed 
gas of chlorine gas and oxygen gas, or the mixed gas of hydrogen bromide gas and oxygen gas. 



[Translation done.] 
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